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(1) His project is published in two books: Lomborg: B. ed. (2004). Global crises. global solu—
tions. Cambridge. UK: Cambridge University Press; Lomborg: B. (2007). Solutions for the
world’s biggest problems: Costs and benefi ts. Cambridge. UK: Cambridge University Press.
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(1) Holdrenc¢ J.P.(2008) Science and technology for sustainable wellbeing. Science« 319« 424.

(2) See the UN Web site« http://vermeer.net/caa

(3) Wellse H. G. (1901). Anticipations of the reactions of mechanical and scientific
progress upon human life and thought. Complete textc http:// vermeer.net/cab
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(1) These energy forecasts are quoted in the essay “Against Forecasting” by Czech—Ca—
nadian environmental scientist Vaclav Smil. Anyone thinking about making quan-—
titative prognoses should read it first. See Smilc V. (2003). Energy at the crossroads:
Global perspectives and uncertainties. Cambridge« Mass.. and London: MIT Press«
chapter 3 and references therein.
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(1) Lorenz¢ E.N.(1995). The essence of chaos. Seattle: University of Washington Press.
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(1) These earthquake statistics are known as the Gutenberg—Richter Law. See Guten—
berg: B.c and Richter. C. F. (1954). Seismicity of the earth and associated phenomenac
2nd ed. Princetonc N.J.: Princeton University Pressc pp. 17-19 (“Frequency and en—
ergy of earthquakes”).

(2) Per Bak himself has studied many of these subjects and has written a highly acces—
sible introduction: Bake P. (1997). How nature works: The science of self-organized
criticality. Oxfordc Melbourne: and Tokyo: Oxford University Press. Another in—
teresting introduction is Newman« M. (2004). Power laws: Pareto distributions and
Zipfs law. Arxiv preprint cond—mat/0412004; see http://vermeer.net/cad. And a
popular account is Buchanan« M. (2000). Ubiquity: The science of history ...or why
the world is simpler than we think. New York: Three Rivers Press.
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(1) A technical overview may be found in Albertc R.c and Barabdsic A. L. (2002). Statistical
mechanics of complex networks. Reviews of Modern Physicsc 74(1)« 47-97. A popular
account is Barabdsic A. L. (2003). Linked: How everything is connected to everything
else and what it means. New York: Penguin. Also see Buchanan« M. (2002). Nexus:
Small worlds and the groundbreaking science of networks. New York: Norton; and
Wattsc D. J. (2003). Six degrees: The science of a connected age. New York: Norton.

(2) Albertc R.cand Barabasic A. L. (2002) Statistical mechanics of complex networks.
Reviews of Modern Physicsc 74(1)c 47-97.
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(1) Rockstrom¢ J.c Steffenc W.. Noone« K.« Perssonc A.c Chapinc F. S.c et al. (2009). A
safe operating space for humanity. Nature« 461(7263) 472-475.

(2) Homer—Dixon¢ T. (2006). The upside of down: Catastrophe« creativity and the re—
newal of civilization. Toronto: Random House of Canada Ltd.

(3) The first scientist to examine this issue quantitatively was Svante Arrhenius in his 1896
paper: Arrhenius. S. (1896). On the influence of carbonic acid in the air upon the tempera—
ture of the ground. Philosophical Magazine and Journal of Science« 41(Series 5)c 237-276.
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(1) Schefferc M.c Bascompte« J.c BrockeW.A.c Brovkin«V.. Carpenterc S. R.c et al.
(2009). Early-warning signals for critical transitions. Nature: 461(3)c 53—59.
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(1) See the theme issue of the Philosophical Transactions of the Royal Society B (Octo—
ber 27.2009). Short R. V.c and Pottsc M.« comp. and ed. The impact of population
growth on tomorrow’s world« 364 (1532).



o St b o 838 SUT 5 8l eall o e p L)
s 058 s omg 8 i e 05 e 75 1) o LU
il 3 O g sl g SRl e 5L
OF o 1L palally ol 01 6 0 o s dSCall o ST
s e ol Ul gty Ol site a5l Jias otomy
NG PEIRY Luig\hxwx, Eodomy S a1 by s szl | 4 £
Oy Z Lo Ao ozl ol e ST aS ST Wl T
JULYI sae 31 o e b ans OV s 83U e 511 0Lz
59l il s g 0 0 il s S gl il el O iy 1)
o3 g pal) Sl By 0 sl 1) A Ll a5 Al L
L 3] 3 sl ) ) o2 Y1 e il 5 8 ol L) 1) 401 50
B OBl e barall (a8 g 4 O] L L Ao lh) 2310801 Lgale] Ol
ool pall S5 y5 gl 5l dgts O eor ) e bl > SV GBI
Ghleold plalall g oLl cal g sl UL b gl Ol LSl LS
328 olon Ao Jubae ol 155§ igor! e LSt Jn €15 )
ple IS 12 96 25 s Jais |25 L) 5 ) 1 sl 5 )

(1) The British government’s Chief Scientific Adviser John Beddington« professor of
applied population biology at Imperial College London« warned in 2009 that the in—
crease in population. wealth« demand for water. and energy use would lead to an ex—
plosive situation by 2030. The fi gures regarding water are quoted from his statement.
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(1) Diamond. J.(2006). Collapse: How societies choose to fail or succeed. New York: Penguin.
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(1) The whole food chain is described in Smilc V. (2000). Feeding the world. Cam—
bridge« Mass.« and London: MIT Press.
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(1) A good introduction to the field is: Sanitation and access to clean water« in Lombo—
rg. B. (2004). Global crises: global solutions. Cambridge« UK: Cambridge University
Press; or more recently« Rijsbermanc F. (2008). Every last drop: Managing our way out
of the water crisis. Boston Review (September/ October); see http://vermeer.net/cae
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(1) Smilc V. (2008). Global catastrophes and trends: The next 50 years. Cambridge:
Mass.« and London: MIT Pressc 2008« p. 175.

(2) These data and many other details can be found in the reports of the Intergovern—
mental Panel on Climate Change (IPCC)« www.ipcc.ch. The most recent assessments
are from 2007: Climate change 2007: Synthesis report. Cambridge UK« and New
York: Cambridge University Press. http:// vermeer.net/caz. More backgrounds can
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be found in the reports of the IPCC working groups that go with this report: The
physical science basis/impacts. adaptation and vulnerability/mitigation of climate
change. These reports can be downloaded at http://vermeer.net/cag
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(1) Smilc V. (2003). Energy at the crossroads: Global perspectives and uncertainties.
Cambridge« Mass.« and London: MIT Press p. 319; Stephen Pacala and Robert So—
colow also showed in an influential essay in Science that we have the technical ability
to hold carbon emissions at current levels for the next decades despite the forecast of
economic and population growth. They identifi ed fifteen available techniques that we
can use to restrict emissions to current levels. including many possibilities for increas—
ing energy efficiency. See Pacalac S.c and Socolow« R. (2004). Stabilization wedges:
Solving the climate problem for the next 50 years with current technologies. Science«
305¢ August 13¢ 2004« pp. 968-972.
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Zeitschrift. 59(10). 644-650.
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(1) This is the global means of solar radiation absorbed by Earth’s surface« subtracting the
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Global perspectives and uncertainties. Cambridge« Mass.« and London: MIT Press.

— 107 —



St S5 Sl @l 530 ol Ao Lo Lgin 7 Surs
Sl 55 e ol shol anad 4 el Wy L 5L 68 - Loas
355 o JSal e S5 B S5 W1 e B 5 [ el -
& J e e 1l gy IS Us g i) s )
0 5K N e 2 U e 28T 408 L3 1870685 OF Ly )
LY gm0 205K 01 b i ¢ b iUl olllazs 40 3y 0
308" o ST ST (S g il o 3 g V1 3:liS 0555
Agaladl GLL o agasl SBIEURP JUP-NCTIUIR W W EL W [
I sl U Ksy Ul 5 5STIS )6 s o
Il o il oo a6 S B U313 550 0555 0T J1 Y1 oy
G WUONCA 11571 p (ERFANUEIENON AN P DURNONCA [JESOF- SUNNE S 15
N3 8T 5 A L i 55 0 g b ko sl
ool s o5 S8 AUl S e s b o Lo 2 O sl
oo ey Lok a0 58 0 Llg ik ad oy Ml 2
553 Fpacz) AUl fad Al 25U &6 5 bl L da by
Lyl S g el WU g3l las b e o) ) e
Uy SIS 5 1 s 1) Lt ) szl )Lt oy
wubwojﬁoiwcﬁ\W\uw;mg
s S 5 L bt a1 OF iy L o) 88Ua) Uy Bl
S el o il Bl VST s Lade 050 15 1S il
BUall | O Ay B sl oy ey VLl A8 eLad) g 30l

— 108 —



IS g ) Al a5 L) M e Ll 2l 2§ UL
Lea gl 28858 . 3 o) Hles) 3 ) olibiadl 5 S8l ol )
et AU i Jle dgor J) 1oz (JU s e (i isla))
(53 Ayl Ja g s M ) e O g iy B
Do Ola slie Of 6ls o lda g

O 5 L 23 Jazd) 51, WL sl 2 slal)l & 0 5 UL
3eLiS” w5 5 O o coVo ) pn gl al s 3 i A U e LSS
Bla)l ds (a5 ooy Bpeman ) B8 - 5555 g Al Bl W)
o) B el s 53 YL S S TOG e S O o )
Ain e dles By ULl S 55 JW 1A B3 ) LYY
oo had) (B eb LSl aa VL Bl S LS 5 5
aly gl CBLL VL - 2l 282 o 6l 3 ols
O S Y ol g8 aalaf 515 wleall awlod) iy 5 o aslall
)j@\@;beﬁib.wﬁi&&ﬁa;u@\wﬁﬁ
il s 5 By et g s wlail) ol s g5 55 ek
Ol slale e bk A3 0 S 0LV e iS5
sldl B

Y1 LA 4018 a5 b sl e sl bl 5 g ol )
oVl ol 5 LB ) gad Bl pla sl y gl oy

(1) See Desertec’s white paper. http://vermeer.net/caj
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(1) The precise fraction is 16/27—the “Betz limit.”

(2) A state—of-the art windmill averages 1.3 W per square meter of ground areac where—
as photovoltaic cells generate 3 W/m2; see Smil<V. (2008). Energy in nature and soci—
ety. Cambridge Mass.< and London: MIT Press.
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() INL (2006). The future of geothermal energy: Impact of enhanced geothermal
systems (egs) on the United States in the 21st century. Final Report to the U.S. De—
partment of Energy Geothermal Technologies Program. (report number INL/EXT—
06-11746). Also see Testerc J. W.. Anderson: B.. Batchelorc A.S.c Blackwellc D.D.«
Pippo« di R.« et al. (2007). Impact of enhanced geothermal systems on U.S. energy
supply in the twenty—fi rst century. Philosophical Transactions of the Royal Society
A¢365(1853)c 1057-1094.
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(1) Bellc A.T.cGatesc B. C.cand Ray« D. (2007). Basic research needs: Catalysis for en—
ergy. Report from the U.S. Department of Energy Basic Energy Sciences Workshop.

(2) Klerke: A.c Christensenc C. H.c Norskov: J. K.c and Vegge« T. (2008). Ammonia
for hydrogen storage: Challenges and opportunities. Journal of Materials Chemistry«
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(1) This is now a well-studied phenomenon. See« for example: Barabdsic A. L.c and Al
bertc R. (1999). Emergence of scaling in random networks. Science« 286(5439)« 509—
512; Albertc R.« Jeong« H.c and Barabasic A. L. (2000). Error and attack tolerance of
complex networks. Nature« 406 378—382; Albert« R.« Jeong« H. and Barabasic A. L.
(1999). The diameter of the World Wide Web. Nature: 401« 130-131; Barabdsic A. L.
(2001). The physics of the Web. Physics World« 14(7)c 33-38.
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(1) Dorrenc H.J.c Calabrettac N.c and Razc O. (2008). Scaling all-optical packet routers:
How much buffering is required? Journal of Optical Networking: 7(11)c 936-946.
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(1) Haykin: S. (2005). Cognitive radio: Brain—empowered wireless communications.
IEEE Journal on Selected Areas in Communications: 23(2)c 201-220.
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(1) These mechanisms are described in Anderson« R.c and Moore« T. (2006). The eco—
nomics of information security. Science« 314(5799)c 610-613; Anderson« R. (2001).
Why information security is hard: An economic perspective. ACSAC: Proceedings of
the 17th annual computer security applications conference« p. 358.
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(1) Singlac P.cand Richardsonc M. (2008). Yes: there is a correlation: From social net—
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tional Conference on the World Wide Web (WWW *08)c pp. 655-664.
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(1) Deaths: percent of total deaths: and death rates for the 15 leading causes of death: United
States and each statec 1999-2005. U.S. Department of Health and Human Services. 2008.
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(1) Zaidic H.c and Prasad« R. (2009). Advances in multimodality molecular imaging.
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(1) Result are not yet conclusive; cf. Krupinskic E. A.« and Jiang: Y. (2008). Anniversary
paper: Evaluation of medical imaging systems: Medical Physics« 35(2)« 645-659.
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(1) Despite their intense rivalry« Craig Venter and Francis Collins announced the map—
ping of the human genome jointly« accompanied by then U.S. president Bill Clinton.
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(1) Much of the network analysis we outline here is based on Goh« K. I.c Cusickc M.
E.c Valle« D.¢ Childs¢ B.c Vidalc M.« and Barabasic A. L. (2007). The human disease
network. Proceedings of the National Academy of Sciencesc 104(21)« 8685-8690

(2) Venter talks about the disease known as familial adenomatous polyposis (FAP). It is
triggered by a defect in the APC gene
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(1 Kim¢ E.cGorenc A.cand Astc G. (2008). Alternative splicing: Current perspectives.
BioEssays« 30(1)« 38—47.

(2) The key point here is that proteins are knocked out at random« which means there
is a high probability that the small number of proteins that play a pivotal role in the
cell will be spared. See Nacher« J. C.c and Akutsu« T. (2007). Recent progress on the
analysis of power—law features in complex cellular networks. Cell Biochemistry and
Biophysics« 49(1) 37-47; Jeong. H.c Mason« S.c Barabasic A. L.c and Oltvai« Z. N.
(2001). Lethality and centrality of protein networks. Naturec« 411(11)« pp. 41-42.

(3) Levyc S.cSutton G.c Ng¢ P. C.c Feuk L.« Halpern A. L.c et al. (2007) The diploid
genome sequence of an individual human. PLoS Biology« 5(10)« e254¢ 2113-2114.
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(1) See Bird flu deal hangs in the balance. New Scientist (November 17¢ 2007).
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(1) Johnson< N.cand Mueller«J. (2002). Updating the accounts: Global mortality of the
1918-1920 “Spanish” infl uenza pandemic. Bulletin of the History of Medicine« 76(1)«
105-115. For a dramatized account: see Barry« J. M. (2004). The great influenza: The
story of the deadliest pandemic in history. New York: Penguin
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(1) Debora MacKenzie« Willa pandemic bring down civilization? New Scientist (April 5¢ 2008).

(2) See http://vermeer.net/can

(3) The Macroepidemiology of Influenza Vaccination (MIV) Study Group. (2005). The macroepi—
demiology of influenza vaccination in 56 countriesc 1997-2003. Vaccine« 23¢ 5133-5143.
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(1) See http://vermeer.net/cap

(2) FAOSTAT 2007 http://faostat.fao.org

(3) According toastudy by Oliver Wymanc a consulting fi rm« together with the WHO.
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(1) More than 95 percent of the world’s seasonal influenza vaccine is produced in Aus—
tralia« Canada« Francec Germany: Italy Japan. the Netherlands. the United Kingdom:
and the United States. Smaller production facilities are located in Hungary« New Zea—
land« Romania« and Russia. Fedson« personal communication.
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(1) Data from BD Medical Surgical Systems: 2007« cited in McKenna« M. (2007). The
pandemic vaccine puzzle. CIDRAP. www.cidrap.umn.edu
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(1) Fedson: D.S. (2008). Confronting an infl uenza pandemic with inexpensive ge—
neric agents: Can it be done? Lancet Infectious Diseases: 8(9) 571-576; Fedson: D.
S. (2009). Confronting the next influenza pandemic with anti-inflammatory and im—
munomodulatory agents: Why they are needed and how they might work. Influenza
and Other Respiratory Virusesc 3(4)« 129-142; Fedson: D. S. (2009). Meeting the
challenge of infl uenza pandemic preparedness in developing countries. Emerging
Infectious Diseasesc 15(3)« 365-371.
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(1) Fedson: D. S. (2009). Confronting the next infl uenza pandemic with anti—
inflammatory and immunomodulatory agents: Why they are needed and how they
might work. Influenza and Other Respiratory Viruses« 3(4)c 129-142.

— 285 —



SSEY sl 65 0 gy olelladl o Ldad) IV e B g oy
cadbae o5 OF 5l el o OF SV Ol o ol b ol s
UESPPERE LIS WP [V RCHRII Y E TR WA P
JU ) ol (s, VI StV b slas g 2 0N B8]y ) S
Lo AV oleladll b el sl o IS S,
Vycaebo ¥y (JL Vel 5Y Ol m )85 0 g puls
s Of le oy ) cobeall oo a2y 451 Vg oD
5T o s N S O (o 5 Of plsaad el e el 0ds
5 sgor! shol a5 Ol rr M n L B 2)) LA Ui ) 2 3 o
ot 5o S Sl 18 sl 2 0 OS13] 5 oS
Sl daall Jamy 3 eSSl el g g 8251008 L) L ISCn
a5 SEY L BLE JLaiVl s ok 055G e STy ¢ tuid
e A VU aly gl ULl 5 Gl zmy e o soen
Ao s Ol shall Lo I oS Azl Bl Blis B3 1 50 M als 3l 5
e 2 slad o 2o¥1 ) = SN St el e g 555 00 S
R A e ol 5] 8 e e OIS s S e
ioldl 5 eS8 gl o) a S OF S 52l S = Dl
Lleslalol o g 320 mn JLaSYI Bale] i 5 o g
B s 0T LS e @3l 5 VI sl g 2gor) L )
Slada) ol s 5V duled) i) ) Slos pp o 2
Jrog Ol ails o2y S o 232 5 AL WIS By Caisys 0 S

— 286 —



OV A g e U O oty o) S OIS ) il ST
oW O gm0 Jah - sll ol 1 OST1315 oo U1 2
FST0 580 A ol 11 bt el 1 0l sl oS0 i
oDl 053 8 e ral) £ V) Sl 5 055 O3 ey slid) e 5,05
g8y gear PN g J T8 )l a1 e 3,06 il oy ) 5
s iz By 0 e (Ja Sl e Rae oS Ay
Lo ale Lol g 555 Ll L) ol Blan 0550 5 5) L0 s
Bin 25 3y i) oo g5 b s 23l g o oSl
Ny 5502 A es dla DU el e $Lgn 5 L) 3o
s B8 el Als 055 O g (B 0 S
By g Lo g WALl Lol gall ol plsend et s o2 S dms s )
10512250 i b VI Jo aidUlodan . o Wl Je
(o Wl e ) O e 2l

dlond| dacgs - 5
D13 Y 0Ll s L 20 €150 €120 SLAULT fnws Lol oS
Blay . STy iSTak sb slow e OTWISGL s B gy o J 5l
Aoy SV Ls by 0 588Cazm ) o QU 08 1S3
) 52) 31 518 2l Caai (1900 ple & b e 8 ¢100 p—23e
oA AL B a0 ) aall Lo e pd B 05937 e LB 0 g

— 287 —



OAO}J\;«.L@T&pﬁqabﬁw\;w&i@&uc&wuw
A O e 2l) 31 n o slesl - 915 )5 2 OIS (0L 3
525 03 0 s 0550 O e <2050 ple J sk 165 58 o2 os A
20 Lo gl 3 0 5202 2010 ple 1505 ol JULY 21 320
356 2519500 sl s el AT s Jas e e J ST
Lo S B el pid) Sa g i IS e o i
Ol o0 3 B ade oS LaUS iST SCeu sl Oy g b 5 0
i) s 5l y L SIS 5 cplalall e L s o A SRl
Moo s 301005 a Jsbl5 5 om0 Sl smi Lall oy Lol
2 A BT8R B 3 e I LSe Y (2 £V S 135 2
AN LS 85 palls s 0ol g AR ol el e

36 ) 2 I O V1 OTUL OV1 0 s ol ) § el
=Y 3y b b ) e bbb e o 2l Lo S
r@\#wﬁ&w&a@w(ﬂ)q%ﬂ\w\g«uv@
LU s 0o o 0 753 OV Wy g1 ased) . W) 3
OO UV NS Y WERIP O BT SUCPRE e AP SN e
iyl diall Oy Bl cond g ol 5 5 Bl sl 165 o jLas
U3 r en W) Bl Sy )5V ol L 13 bl lel o] 3L

(1) World population prospects: The 2008 revision. New York: United Nations.
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(1) An introduction to the field is Lazer« D.« Pentland¢ A.c Adamicc L. Aralc S. Baraba—
sic A. L.cetal. (2009). Computational social science. Science« 323(5915)c 721-723. See
also Epstein J. M.« and Axtellc R. L. (1996). Growing artificial societies: Social science
from the bottom up. Washington: The Brookings Institution.
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(1) Recentlyc for example: Greenfield: S. (2004). Tomorrow’s people: How 21st century
technology is changing the way we think and feel. London: Penguin; Greenfield: S.
(2008). I.D.: The quest for identity in the 21st century. London: Sceptre.

— 317 —



o I e (JE s o W g e 0N S iyl
55 ogh BLS ST dealane g pltsizal I e 503 Lglb inaall
dan 3yl 52 e ST oa Ll IV Lo gt g ) ezl
o2rd) riand 3 5l OGBS e e 51 OIS iy 8 e

OLSOVL Al A Sl s Lo = 50 05 - alls 2 23DA))
Pl b Eeobam) b jlael Yite iy $ Jaws ¢ £l T 5 a8
ik Ltze SWl LN s a3l 5 gn il 6 003 OlasY)
CIFPICIE N PRt JURLRY OB NV JE RO IS
O Ja UL 508 e Wloases 895 Ll Bl § LalinS) )
il o g s 5 OBlallalg 5. akdls )l Sasas Slasd
S L i LS o S alas a5 5 Y 1y o U g
DbeVLE L) Sl TS Ls daelazY)

0353 8 Aol BT e o of Bl gV S
o2x b Ll s ol s AL SO edlelial) 55
O Y1 ST OTNLy ¢ Ll s Lo ) A4 Lo i) (VLA
Bl Lo iy anll ool sl Lt U s gl e 250 5 g g
omﬂM\d_ua)wm.'Cuma_;\;\wwsﬁé\_dp)
s (O L) lais peall STas g LS phe e a2l (31 o)l
JUas 58T e ST o b el T o ¢ i) s e LT oty ayLies
.M;U\Sy(uﬂzpﬁsﬁsm@p.@w

8,006l g pedll oo S5 pd) ) ) g e SN, S )

— 318 —



Laas Ll lia L (F Lol b oo )1 i 5 ool oda
) s A e 5l 85 LN S oty 4 S L) 5
Aoy £ asiy by sl o Boikor B o 2 L) (9% OF Ot
) o I L el ial B 0555 18) 5y oY St
28 Y OV 5 ) 5 S Ol 8 STy e gomna 8 el
D OBV b e 5 IS Lass 6 Y ey ¢ aseall gles
(el ol 5 fad

L e Ll b el gl o ) U] (35— 5 ,6N1 U e 1 5N
c.cﬁ\@ﬂsgmwuﬁw@w\sg.a&w@;g)@
OB @Al el (o S e Ny ) e b g8 58 5
SPFSU CRULJECR S RPN TP UUcy PR P SO |
38 f al) el 23S VL) Bln 068G J Sy cing s Lnd
Ay 2 o b ) e

SEY el pr ) px n ol () g0 4V 032l 1A
Sy gred s sl Al rtll o e il ga S
ol AU Lo G A3 1 S O ki J2 01 gnw izl
U UV NITay] iy W SRCIN P g JUW i B PRI IR
IS e p by 8 I e el Gy A3
Sl 3 ) o (S ] ST ablS ) el e 1 LA
An Gl 5 )U 35,0 oY OV bl sl 555 3l Ly S
ot Pl ey S N YT ol gl ) e S

— 319 —



50053 Of Gl o 65l iUl n 6 5Ll 30 e5y
OLas gl o i ol LU b Vgigy 35 15 587 o1 O 1Y)
U LS LYl e alew 58 WV O godiens Y ol L JLBY
e S Lo ISG LW 8 jLiad) s ol L IS OST13] L 0gl3 e
LG ol 50N an o J pamdiaaladicl )y o sld) son sl

Fodals Le e pay B0 52 Y Of

A W gyl
@gﬁxsw\wu@;ubuwwwwiuj
oo S e g S o)l sl il oledl a e
SVl el el £ s o & il et ga o SV
Il 56 I 0 ot S Welis 50 (s o e Sy 508
D dases . el a0, 5V (6 S pas dll L W s
é\ayw\@i@xw\\a.w;ﬂwg(w
S ST ap s Sl adias e LTS G
Gl Al 0 5SS OF peor )V b BLLI ST 5 2 e J6 Lz 5

Lol &l s O L S
i O AN (g ) pae e o A OIS A
w‘ﬁgy\ij\w@_{uywumg
5 A G 5V Ll ) S 2L (g ciolod) g il ¢ 1 53
AR TAV L S PR IR ECOVPREA JORCY PURT: P JUNA

— 320 —



A S 25

8 sy ddizad (I 3 ol o iall g (o3l 0 - L)
Sy gy g L) paebey BV ILYI o oledip s ells
oV 3 el e L el ol e cllag) e sl WY1 )
oS Y ATl (S L 0D aAlels avad e g o) p Jadsas
s ) G BN g g el L5l S ad VS ¢ ST s
DS S 135 0585 Jebils (ol glay ¥ IS OS5 5 Ts
(i o ST 28

S BallS (Gl gl e a5 g g sn AT A e Lt
A pad) 3 soell ) By eSO Ll L e
ad ad) L) Ll 6 a6 sedla e w g dn s D)
S LUV Ry S el J a5 G e el 0is Jie
La) o b 8 o) s S0 sk UL Gl inll ] 020
TP FPVY g P P S RPN I PREC P I N B
A e Vs gl g s ) Y1 ATy 40 > e 1S A0 e i S
CTSTAS

& 30Tl OF e sl ladll Sta OF iy aldsy & A inad g
eta 148 L gl b 32s 900 Lgp 0]yl L 36 . i
AL sgide o Mo Ly Y 5s 900 LI 055G OF (S Y
gl 5 0555 ki Laa )5 2ead Bis |y (U1 it sm 5ual
o e L] Lzl g i 15 055 Ledize f (o BMe e )

— 321 —



&) Dyl Bty Jans 20556 18 LeSaem Lo IS L jases
AN 058y (el i 5 o 02598 o1 3 52 23
st ¢ s 3,0 8L Jaom Lo LelS il g L alaiin 1y g
ezl o Al B ozt 5l

W Jans OF S loasedl oda o LT O Ay 6 4zl ¥
STy il g (53U 0,80 3 o (Ul DI 201 956 )
sl ot sa g il 5 a0, of Saal Lasf s 5
SNV e ol LS e e LSKaudl Leles el (i)
P [P G W P PP PET L YN UX B Y PR W L AP W T
IV e Sy o U Ol iV e S025 Y doliy) dpases
O gl 9 0 5Ll 9 O 2 9 ol sledall oWl 5 g d) e L bbslel
ST 5 25 al) g 26 L) O oty g3 sl odn (1) O ez
Blow b Lgn g e )35 S5 115053 502 2ad Lgd 36 2l S
oLl g N date 1) Y (3 8 all o)y L) ogh o of
Blow g odls o a8 all Olaszad e 09 3l QWL 2 5
ol g st 2 ALl gy () Y (L)

1 5500 e sdelaadd (ppwdigoll ) (i 2 0155 J 58
S sy oan Lo ) S sllaeY Lo S5 0 LiS6) L 1)
5 olane 0 g2k AU OIS L el N9 2ol 1 e Yoty Ll
Y SLaledl vl adand L 078 s 0 gle 0 Sy caslad) oL
(BAAH S S ead ol

— 322 —



}T,;ufy\L“;}UQLJ\QMHJ\AJ‘L:,&J*?J)@J\;&&V}
RESRY:- S PN VYN IR I PN (6 NP N SR O ¥
Ay Jo Jpadl (555l o il el s g NI 5505 A5 e
€8 e g Mo Ay 8 2 L) LAl ke B S Lad) gl e
PR BTV TP AHN PRREEI S TP
e ot IS i SN (e Bl ) jlael g (b jasealasUdases gl 4
(2 pdl) a8 el 0 S s Tt Y iy el
andl N0 #T (a5es 900 ae 850 88 jlis LSS o
Loy &S00S 5y (G 0S5 O A8 e ) S
it Ly B el g ) sall g ol SN

sl s 80GOS S Of Ll iy $ 6 5
ookl o il oda 5 Lieke Widte a0 maznl) o)
Le g ST omrnlas oW OS13) Lol LLsuS L o oSl
0 055 gt Ol gl Sy e s 1S
o S 81 95 n ol Iy . O shaiy 13U 1 7N e oy 50
SUPPRY) e SN R\ g PUPY-L| B JY R U PUPNT-AR PO PAPL P 72
skl e W aells O Lpls e Ll s e sl LUl
OIS Jas O e gl o Bzl ol e J a5
A e Y A e el (eSS O w LB VL
g e ) sl o v ld ol g giand o sad) O gl
(et alad O i

— 323 —



Oud| il - 4

e pa ol L GISL IV e ol e 612 350 e xSTRs 5 Slon
8 yioms Jall 08 L o ST ol iy Bl A e a s
Aol Slrazndly da N SLaL a LS sl b il y o) 3
O B3 paf oy Bl STy 5 s 1y S S
S 0 A o A s s 723 J ol 0Bty oL
b graeild o,V ah e Jlne o )5 ae# e DL 0S|

U pas 0yl ST ow ity op 2y i) bUL o6 2l e
B g 8 Ao 55 3 3Ny OIS 52l i Spad ) Sl o oS
NS USRS R N PRN NP P S LA Ly S PSS S
OV Lo s Lo 0550 Lodis o ¢ aad) iany i g cmand
ailate b toall O gl w1 (e 35 (sl e ST e 5LST)
ol Al 5 S a5 § LS (o Lgamy o 3
s 15501 (6 padt dg 2l e O 3 ol o lams toms Lakie
ras i o3l dle GO g i) o)y el e
e Sl slowl 1) Jaad 3 s & w.\‘gjﬁjsw\
Ol Bl Lo g U a Wl Ol IV e ol Shan
Ly I s (oSl oI b oy B g pianedl) O 51 Sl s
@ 0 A p B Lol 5 o) T L 555 (gln g g cslgind Ao
OF Adke (i 55 Ladie Sl Los ol g 9 705 Byds 205 € piall

— 324 —



Ol ¢ 5y ey lendd LB 0 OV g2 = ) 0 ST O L i
Slra (s s AL Sl e a i) o g i) 05 5
In o g ()l aslis g a3y ¢ uilal) Loy 5 28 )W LSS
Cads Lghj g o F (6 9l OF o Ol i LS (STl o] gl Lo
et

M

e | ’ i i
Sl — i i
O RO RSSO SPTSROH A
00 i oo i

S RS ——_—
| i

e
Ol ol ot e
! L

it |
Stiped!
[P I e ;
Opd Vo e

[rrs
L i

S ————

05

30 40
el 3

0 10 20
2009 sl (81 sl

e Cd1) Lo Gl
Aol 05 2 Mg 5ol e O aland capll § O IS 5
Il il s ol 0 Yy ol LlS ass 0allp s
U5l J gy e UL jozn 305 b iy Lglao o425 L)
Wl e Ol ez o a8y sl say ol e oy ¢ s
Ol lelam] L awld) LS LS 0 3 e e ad) ol
a5 ol i ) sl LSO B 3 gy S5 5 kall 5, Sl
o by (o2 O o 3 5 5 b el e S e
ol slelal) O Las N sl 3355 jall WLdl e Lo

— 325 —



O o BT 510 Lo OIS Loz ¢yl O A o190 3 Ll
2 o ST pn 0de 1 (6 g MmO L PO 30 5 dm JLA)
Gl 0 56 L O (ol 5 o ST (1900 ple $ onss O geke
s o g o O s kel a5 ) sl e e
dii s 1) alay 0 e 2 Sl OF atd ellad STy s 05 M
o) i) 4eed 200000 5 100000 ALl a & jlas oo 13]
P aelas 1S O mbin g
NS RO EREN PRSNSIER T AN IEN NN INECp
Ul b i e e les 6 5L Gkl Lol 5 L
e 13 (M5 oy ALA e STUL 5 Sln OF s OF znall e
s ikl o ploal e )3 5y e Sl N1 &5k,
Ol 4las ¥ P00l Jorznd) 055 sl g e 0556 )
Al e A1) S b Bslas N Ao Ul e U1

(1) The first study seems to be that of Auerbach« F. (1913). Das Gesetz der Bevolker—
ungskonzentration. Petermanns Geographische Mitteilungen: 59(13)c 73-76. It has
since been studied intensively by Zipf. G. K. (1941). National unity and disunity: The
nation as a bio—social organism. Akron« Oh.: Principia Press.

(2) Gabaixc X. (1999). Zipf's law for cities: An explanation. Quarterly Journal of Eco—
nomicsc 114(3)c 739-768; Pumain: D. (2002). Scaling laws and urban systems: http://
vermeer.net/cas; Semboloni« F. (2008). Hierarchy: cities size distribution and Zipf’s
law. The European Physical Journal B¢ 63(3)c 295-302.

(3) May« R.M. (1988). How many species are there on Earth? Science. 241(4872)c 1441—
1449. There isc however: one significant statistical outlier: Homo sapiens is 10.000
times more abundant than should be the case based on the size curve. Hernc W. M.
(1990). Why are there so many of us? Description and diagnosis of a planetary eco—
pathological process. Population and Environmentc 12(1)c 9-39.
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(1) The amount of energy used by a single living cell in an animal decreases with the
one—quarter power of its total weight. Kleiber« M. (1932). Body size and metabolism.
Hilgardia« 6. 315-351. Further thoughts on this issue can be found in Smil« V. (2000).
Laying down the law. Nature« 403(6770)« 597.

(2) This was pointed out in Westc G. B.c Brown. J. H.c and Enquistc B. J. (1997). A
general model for the origin of allometric scaling laws in biology. Science« 276(5309)«
122—-126. The precise explanation remains rather controversial among biologists. In
our view« however« the paper by Geoffrey West et al. offers a plausible explanation.
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(1) Bornsteinc M. H.c and Bornsteinc H. G. (1976). The pace of life. Nature« 259(19)«
557-559; Bornstein« M. H. (1979). The pace of life: Revisited. International Journal of
Psychology« 14(1)< 83-90.
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(1) Bettencourtc L.c Lobo¢ J.c Helbing: D.¢ Kithnertc C.c and West. G. B. (2007).
Growth« innovation. scaling: and the pace of life in cities. Proceedings of the National
Academy of Sciences: 104(17)« 7301.
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(1) Floridac R. (2002). The rise of the creative class: And how it’s transforming work«
leisure« community and everyday life. New York: Basic Books.
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(1) Bettencourtc L.M. A.cLoboc]J.c Strumsky« D.cand West« G. B. The universality and in—
dividuality of cities: A new perspective on urban wealth: knowledge and crime. In press.
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(1) Castellsc M. (2000). The rise of the network society: 2nd ed. Oxford« UK: Blackwell
Publishers.
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(1) Dhamdherec A.cand Dovrolisc C. (2008). Ten years in the evolution of the Internet
ecosystem. Proceedings of the eighth ACM SIGCOMM conference on Internet mea—
surement. 183-196.

(2) Townsend« A. M. (2001). Network cities and the global structure of the Internet.
American Behavioral Scientist. 44(10)c 1697-1716.
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(1) Sassen¢ S. (2001). The global city: New York: London« Tokyo. 2nd edition. Princ—
etonc N.J.: Princeton University Press.
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(1) Helbing: D.c Ammoser« H.cand Kithnert. C. (2006). Information fl ows in hierarchi—
cal networks and the capability of organizations to successfully respond to failures.
crisesc and disasters. Physica A« 363(1)« 141-150; Buznac« L.« Peters: K.« Ammoser« H.¢
Kiithnertc C.c and Helbing: D. (2007).Efficient response to cascading disaster spread—
ing. Physical Review Ec 75(5)« 56107-56108; Dodds« P. S.c Wattsc D. J.c and Sabel«
C. F. (2003). Information exchange and the robustness of organizational networks.
Proceedings of the National Academy of Sciencesc 100(21). 12516-12521; Helbing:
D.c and Kithnertc C. (2003). Assessing interaction networks with applications to ca—
tastrophe dynamics and disaster management. Physica A: Theoretical and Statistical
Physicsc 328(3—4)¢ 584-606.

(2) Berkhoutc A. J. (2000). The cyclic model of innovation. Delft the Netherlands: Delft
University Press.
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(1) As David Viniar« CFO of Goldman Sachs: put it: “We were seeing things that were
25 standard deviation moves. several days in a row.” Financial Times (August 13¢
2007).
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(1) Milton Friedman and Eugene Fama developed this idea in the 1950s for the financial
marketsc and a great deal of investment know—how is based on it. The theory doesn’t re—
quire everyone to behave rationally: From time to time« someone makes an incorrect cal—
culation« causing prices to fl uctuate a little. But this is a chance process generating random
and small-scale financial market movements. Since there will always be shrewd investors
who know how to take advantage of a price that is temporarily too high or too low: stan—
dard theory dictates that they will drive the price back toward its correct equilibrium.
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(1) Bouchaud elaborates on this idea in an essay he wrote at the height of the 2008 financial crisis:
Bouchaud: J.—P. (2008). Economics need a scientifi ¢ revolution. Nature« 455. 1181. See also
Bouchaud: J.-P. (2009). The (unfortunate) complexity of the economy. Physics World. 22«
28-31; Buchanan< M. (2009). Meltdown modelling. Nature: 460. 680-682; Farmer« J. D.c and
Foley« D. (2009). Nature« 460« 685-686. The economy needs agent-based modelling.

(2) An illuminating discussion between a classical economist and a champion of nonlin—
ear dynamics can be found in Farmer« J. D. and Geanakoplos: J. (2008). The virtues
and vices of equilibrium and the future of fi nancial economics. http://vermeer.net/cau
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(1) Bake P.c Paczuskic M.« and Shubikc M. (1997). Price variations in a stock market
with many agents. Physica A« 246 430—453.
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(1) Joulinc A.c Lefevrec A.c Grunberg: D.. and Bouchaud:« J.—P. (2008). Stock price
jumps: News and volume play a minor role http://vermeer.net/cav

(2) Numerous hedge funds got into difficulty in 2008 because of their use of the Black—
Scholes model. The equilibrium theory on which that model draws underestimates
the likelihood of crashes. Ten years earlier Black—Scholes had earned its inventors a
Nobel Prize in economic sciences.
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